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SCAN LINE INTERPOLATION DEVICE, IMAGE 
PROCESSING DEVICE, IMAGE DISPLAY DEVICE, 
AND SCAN LINE INTERPOLATION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to the interpolation of scan 
lines to convert the resolution of an image, and in particular 
to the interpolation of scan lines during the conversion of a 
video signal from interlaced scanning to progressive scan 
ning. 

[0003] 2. Description of the Related Art 

[0004] In the interlaced scanning system, one frame of a 
video signal is divided into tWo ?elds. When the frame is 
displayed, ?rst one ?eld is scanned; then the other ?eld is 
scanned. The scan lines of the tWo ?elds occupy alternate 
positions on the display screen, so that a typical scan line of 
the ?rst ?eld is positioned adj acently betWeen tWo scan lines 
of the second ?eld, and a typical scan line of the second ?eld 
is positioned adjacently betWeen tWo scan lines of the ?rst 
?eld. In the progressive scanning system, a frame comprises 
only one ?eld, and each scan line in the ?eld is adjacent to 
other scan lines in the same ?eld. 

[0005] The conversion of a video signal from interlaced 
scanning to progressive scanning requires the separate gen 
eration of tWo video signal frames from the ?rst and second 
?elds of an interlaced video signal. Scanning conversion is 
therefore performed by interpolating scan lines betWeen the 
scan lines of each ?eld of the interlaced video signal. 

[0006] If the interlaced video signal is of a nonmoving 
image, so-called inter-?eld interpolation is generally per 
formed: the scan lines in one ?eld are inserted betWeen the 
scan lines of the other ?eld, so that the scan lines of both 
?elds are used in each frame. If the interlaced video signal 
is of a moving image, so-called intra-?eld interpolation is 
performed: each frame is generated from the scan lines of 
just one ?eld, the interpolated scan lines being generated by 
averaging the values of picture elements (pixels) on the 
adjacent scan lines. Examples are shoWn in FIG. 4 of 
Japanese Unexamined Patent Application Publication (here 
inafter, JP) H3-179890 and FIG. 1 of JP 2002-1122003. 

[0007] An image may also be divided into a nonmoving 
part and a moving part, and inter-?eld interpolation and 
intra-?eld interpolation may be performed to interpolate 
scan lines in the nonmoving part and moving part, respec 
tively, as disclosed in JP H3-179890. 

[0008] One scanning conversion system, disclosed in JP 
H3-179890, interpolates scan lines by generating pixels 
through vertical averaging of the pixel values on adjacent 
scan lines. If the image being converted includes diagonal 
lines or edges oriented at an angle to the scan line direction, 
hoWever, pixel interpolation by vertical pixel averaging 
alone produces blurred or jagged boundaries. 

[0009] Another scanning conversion system, disclosed in 
JP 2002-1122003, eliminates blurred or jagged boundary 
lines by selecting the most strongly correlated pair of pixels 
from among the pairs of pixels disposed at point-symmetri 
cal positions on opposite sides of the pixel to be interpolated. 
Such a pair of pixels Will be referred hereinafter to as a ‘pixel 
pair’. 
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[0010] The conventional scanning conversion systems 
described above both have dif?culties With images including 
?ne lines oriented at small angles to the scan line direction. 
That is, it is dif?cult to generate the pixels for these ?ne lines 
correctly on an interpolated scan line. 

[0011] In the scanning conversion system disclosed in JP 
H3-179890, in Which interpolated scan lines are generated 
by averaging the video signals (pixel values) of vertically 
adjacent scan lines, an interpolated pixel on an interpolated 
scan line is given the average value of the pixel immediately 
above it and the pixel immediately beloW it. If the interpo 
lated pixel lies on a very ?ne line, hoWever, and the pixels 
immediately above and beloW the interpolated pixel do not 
form part of the very ?ne line, then the ?ne line Will 
disappear at this point. After scanning conversion, ?ne lines 
oriented at small angles to the scan lines tend to be displayed 
as discontinuous lines With a dotted or dashed appearance. 

[0012] In the scanning conversion system disclosed in JP 
2002-1122003, in Which correlations betWeen pixel pairs are 
obtained, the level of correlation is determined from differ 
ences betWeen the value of a pixel block including a 
predetermined number of pixels surrounding one pixel in the 
pixel pair and the value of a pixel block including the same 
number of pixels surrounding the other pixel in the pixel 
pair. The value of a pixel block (the pixel block value) is 
calculated as the sum of the pixel values in the block, or as 
a Weighted sum of these pixel values. With this method, 
hoWever, the direction of very ?ne diagonal lines may be 
unidenti?able because of identical differences betWeen pixel 
block values in tWo or more pixel pairs, in Which case the 
best pixel pair to use for generating the interpolated pixel 
cannot be selected unambiguously. After scanning conver 
sion, the ?ne line may therefore be displayed as a discon 
tinuous line. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide a 
scan line interpolation device and method by Which scan 
ning conversion can be performed Without generating 
blurred or jagged boundaries at diagonal lines or edges and 
Without generating discontinuities in ?ne lines that make a 
small angle With the scan lines. 

[0014] The invented scan line interpolation device inter 
polates a scan line betWeen tWo adjacent scan lines by using 
pixels on the tWo adjacent scan lines and at least tWo further 
scan lines adjacent to those scan lines. Each interpolated 
pixel is generated With reference to pixels selected from 
these scan lines by a pattern matching means, a similar edge 
decision means, and an interpolation direction decision 
means. 

[0015] The pattern matching means calculates pattern 
similarity values for a plurality of pixel block pairs. The 
similarity value of each pixel block pair is calculated from 
the values of the pixels in its tWo constituent pixel blocks by, 
for example, summing the absolute differences betWeen 
pixels in corresponding positions in the tWo pixel blocks. 

[0016] The similar edge decision means decides Whether 
similar edges are present in corresponding positions in the 
tWo pixel blocks constituting each pixel block pair. The 
decision is made on the basis of differences betWeen the 
values of pairs of mutually adjacent pixels aligned perpen 
dicular to the scan lines in the tWo pixel blocks. 
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[0017] From among the pixel block pairs in Which similar 
edges are present, the interpolation direction decision means 
selects the pixel block pair having the pattern similarity 
value indicating the greatest similarity, thereby selecting an 
interpolation direction. 

[0018] An interpolation means generates the interpolated 
pixel With reference to the pixels disposed closest to the 
centers of the tWo pixel blocks in the pixel block pair 
selected by the interpolation direction decision means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] FIG. 1 is a block diagram illustrating a scan line 
interpolation device according to a ?rst embodiment of the 
invention; 

[0021] FIG. 2 schematically illustrates an arrangement of 
pixels in a video signal in the ?rst embodiment; 

In the attached draWings: 

[0022] FIG. 3 schematically illustrates another arrange 
ment of pixels in a video signal in the ?rst embodiment; 

[0023] FIG. 4 illustrates pixel blocks that can be used in 
generating an interpolated pixel; 

[0024] FIG. 5 illustrates other pixel blocks that can be 
used in generating an interpolated pixel; 

[0025] FIG. 6 illustrates further pixel blocks that can be 
used in generating an interpolated pixel; 

[0026] FIG. 7 illustrates still further pixel blocks that can 
be used in generating an interpolated pixel; 

[0027] FIG. 8 is a block diagram illustrating a scan line 
interpolation device according to a third embodiment of the 
invention; 

[0028] FIG. 9 is a block diagram illustrating a scan line 
interpolation device according to a fourth embodiment of the 
invention; 

[0029] FIG. 10 is a block diagram illustrating a scan line 
interpolation device according to a ?fth embodiment of the 
invention; 

[0030] FIG. 11 is a block diagram illustrating an image 
processing device according to a sixth embodiment of the 
invention; and 

[0031] FIG. 12 is a block diagram illustrating an image 
display device according to a seventh embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Embodiments of the invention Will noW be 
described With reference to the attached draWings, in Which 
like elements are indicated by like reference characters. The 
terminology introduced above Will be used to simplify the 
descriptions: the term ‘pixel block’ Will mean a region 
consisting of a predetermined number of pixels, and the term 
‘pixel block pair’ Will mean tWo pixel blocks disposed at 
point-symmetrical positions on opposite sides of the inter 
polated pixel. 
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First Embodiment 

[0033] Referring to FIG. 1, a scan line interpolation 
device according to a ?rst embodiment of the invention 
includes ?rst, second, and third delay circuits 1, 2, 3, a 
pattern matching circuit 4, a similar edge decision circuit 5, 
a diagonal line recognition circuit 6, an interpolation circuit 
7, and an input terminal 200. The diagonal line recognition 
circuit 6 functions as an interpolation direction decision 
means. 

[0034] An interlaced video signal input from the input 
terminal 200 is supplied to the ?rst delay circuit 1, in Which 
it is delayed by one horiZontal scan period (1H), and to the 
pattern matching circuit 4 and the similar edge decision 
circuit 5. The video signal delayed by the ?rst delay circuit 
1 is supplied to the second delay circuit 2, in Which it is 
further delayed by 1H, and to the pattern matching circuit 4, 
similar edge decision circuit 5, and interpolation circuit 7. 
The video signal delayed by the second delay circuit 2 is 
supplied to the third delay circuit 3, in Which it is further 
delayed by 1H, and to the pattern matching circuit 4, similar 
edge decision circuit 5, and interpolation circuit 7. The video 
signal delayed by the third delay circuit 3 is supplied to the 
pattern matching circuit 4 and similar edge decision circuit 
5. 

[0035] FIG. 2 schematically illustrates an arrangement of 
pixels on four consecutive scan lines. Scan line A is formed 
by the video signal output from the third delay circuit 3; scan 
line B is formed by the video signal output from the second 
delay circuit 2; scan line C is formed by the video signal 
output from the ?rst delay circuit 1; scan line D is formed by 
the video signal input from the input terminal 200. 

[0036] The interpolation of scan line P betWeen scan lines 
B and C Will noW be described. The value of interpolated 
pixel P0 on interpolated scan line P Will be denoted P(0). The 
value of the pixel B0 immediately above interpolated pixel 
P0 on scan line B Will be denoted B(O). The value of the 
pixel A0 immediately above pixel B0 on scan line AWill be 
denoted A(O). The value of the pixel C0 immediately beloW 
interpolated pixel P0 on scan line C Will be denoted C(O). 
The value of the pixel D0 immediately beloW pixel CO on 
scan line D Will be denoted D(O). 

[0037] The n-th pixel from pixel A0 in the scanning 
direction (to the right in the draWings) on scan line AWill be 
denoted An, and its pixel value Will be denoted A(n), Where 
n is an arbitrary positive integer. The n-th pixel from pixel 
A0 in the opposite direction (to the left in the draWings) Will 
be denoted A-n, and its pixel value A(—n). Accordingly, the 
pixels on scan line A have values A(O), A(l), A(2), A(3) and 
so on in the scanning direction, and A(—l), A(—2), A(—3) and 
so on in the opposite direction. The pixels on scan line B 
have values B(O), B(l), B(2), B(3) and so on in the scanning 
direction, and B(—l), B(—2), B(—3) and so on in the opposite 
direction. The pixels on scan line C have values C(0), C(1), 
C(2), C(3) and so on in the scanning direction, and C(—l), 
C(—2), C(—3) and so on in the opposite direction. The pixels 
on scan line D have values D(O), D(l), D(2), D(3) and so on 
in the scanning direction, and D(— 1), D(—2), D(—3) and so on 
in the opposite direction. 

[0038] The direction of the straight line connecting pixels 
Bn and C-n in point-symmetrical positions on opposite 
sides of interpolated pixel P0 Will be referred to as direction 
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n. For instance, the line through P0 connecting B0 and C0 
has direction 0; the line through P0 connecting B1 and C-1 
has direction 1; the line through P0 connecting B2 and C-2 
has direction 2; the line through P0 connecting B-1 and C1 
has direction —1; the line through P0 connecting B-2 and C2 
has direction —2. FIG. 2 uses arroWs to indicate the integer 
valued directions from —4 to 4. 

[0039] The direction of the straight line connecting the 
midpoint betWeen Bn and Bn+1 and the midpoint betWeen 
C-n and C-(n+1) in point-syrnrnetrical positions on opposite 
sides of interpolated pixel P0 Will be referred to as direction 
n.5. For instance, the line through P0 connecting the mid 
point betWeen B0 and B1 and the midpoint betWeen C0 and 
C-1 has direction 0.5; the line through P0 connecting the 
midpoint betWeen B1 and B2 and the midpoint betWeen C-1 
and C-2 has direction 1.5; the line through P0 connecting the 
midpoint betWeen B0 and B-1 and the midpoint betWeen C0 
and C1 has direction —0.5; the line through P0 connecting 
the midpoint betWeen B-1 and B-2 and the midpoint 
betWeen C1 and C2 has direction —1.5. FIG. 3 uses arroWs 
to indicate the half-integer-valued directions from —3.5 to 
3.5. 

[0040] The function of the pattern matching circuit 4 Will 
be described next. The pattern matching circuit 4 calculates 
the similarity values for a plurality of pixel block pairs 
disposed in point-syrnrnetrical positions in directions —4 to 
4 on opposite sides of the interpolated pixel P0. For an 
integer-valued direction n, the similarity value is obtained 
from a nine-pixel block centered on Bn and a nine-pixel 
block centered on C-n. 

[0041] As an example, the calculation of a similarity value 
S(3) for the pixel block pair in direction 3 in FIG. 4 Will be 
described. This pixel block pair comprises the tWo pixel 
blocks 401 and 402 enclosed in dash-dotted boxes. 

[0042] Pixel block 401 includes nine pixels A2, A3, A4, 
B2, B3, B4, C2, C3, C4, With B3 disposed at the center. Pixel 
block 402 includes nine pixels B-4, B-3, B-2, C-4, C-3, C-2, 
D-4, D-3, D-2, With C-3 disposed at the center. 

[0043] First, the absolute value of the difference betWeen 
each pixel in pixel block 401 and the corresponding pixel in 
pixel block 402 is calculated, as folloWs. 

[0044] The similarity value S(3) for direction 3 is the total 
of these absolute differences d0 to d8. 

[0045] It can be seen from equations (1) to (10) that the 
similarity value S(3) approaches Zero as the similarity 
betWeen pixel blocks 401 and 402 increases, and that the 
similarity value S(3) increases as the similarity betWeen the 
tWo pixel blocks decreases. 
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[0046] The pattern matching circuit 4 calculates sirnilarity 
values for the directions n in the range from —4 to 4, and 
supplies all the calculated sirnilarity values S(n) to the 
diagonal line recognition circuit 6. 

[0047] The similarity value S(3) may also be obtained as 
a weighted sum of d0 to d8, a higher Weight being assigned 
to the difference betWeen the central pixels than to the 
differences betWeen the surrounding pixels, as shoWn beloW. 

d5+0.1><d6+0.1><d7+0.1><d8 (11) 

[0048] The pixel blocks used to calculate a similarity 
value need not alWays be rectangular blocks three pixels 
Wide by three pixels high as shoWn in FIG. 4. The pixel 
blocks may be rectangular blocks tWo pixels Wide by three 
pixels high, as shoWn in FIGS. 5 and 7, or rhornbic blocks, 
as shoWn in FIG. 6. 

[0049] The calculation of similarity values need not be 
carried out as indicated above. Any calculation method that 
nurnerically expresses the similarity of the patterns of pixel 
values in the tWo pixel blocks may be used. 

[0050] The pixel blocks constituting different pixel block 
pairs may include different numbers of pixels. In FIG. 5, for 
example, the nine-pixel blocks 401, 402 centered on B3 and 
C-3 may be used to calculate a similarity value for direction 
3, and the six-pixel blocks 401(b), 402(b) centered on the 
midpoint betWeen B0 and B1 and the midpoint betWeen C0 
and C-1 may be used to calculate a similarity value for 
direction 0.5. The absolute value of the difference betWeen 
each pixel in pixel block 401(b) and the corresponding pixel 
in pixel block 402(b) is calculated as folloWs. 

as the similarity value S(3) for direction 3 and the total of 
d0(b) to d5(b) in equations (1-b) to (6-b) is used as the 
similarity value S(0.5) for direction 0.5, then sirnilarity 
value S(3) is the sum of nine differences, While sirnilarity 
value S(0.5) is the sum of only six differences. Therefore, 
before the tWo sirnilarity values are compared, they are 
multiplied by coef?cients determined by the number of 
pixels per block, such as 1/9 for a nine-pixel block and 1/6 
for a six-pixel block. 

[0052] These Weighted sirnilarity values 5(3) and S(0.5) 
also approach Zero as the similarity betWeen the pixel blocks 
being compared increases, and increase as the similarity 
betWeen the pixel blocks decreases. The pattern matching 
circuit 4 calculates sirnilarity values S(n) in this Way for all 
integer-valued and half-integer-valued directions n from —4 
to 4, and supplies all the calculated sirnilarity values to the 
diagonal line recognition circuit 6. 

[0053] The function of the similar edge decision circuit 5 
Will next be described. The similar edge decision circuit 5 
decides whether similar edges are present in the tWo pixel 
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blocks constituting each pixel block pair. The operation of 
the similar edge decision circuit 5 for deciding the presence 
or absence of similar edges Will be described With reference 
to pixel blocks 401 and 402 in FIG. 4. 

[0054] The similar edge decision circuit 5 calculates dif 
ferences betWeen the values of pairs of adjacent piXels at, 
above, and beloW the centers of these piXel blocks. Each pair 
of piXels is vertically aligned With the center of the block, 
thus being aligned perpendicular to the scan lines. For piXel 
block 401, the folloWing tWo differences are calculated. 

[0055] For the other piXel block 402, the folloWing tWo 
differences are calculated. 

[0056] Then the similar edge decision circuit 5 checks 
Whether the folloWing conditions 1-1 and 1-2 are satis?ed, 
Where Th is a predetermined threshold: 

[0057] Condition 1-1: |v1| is greater than Th; |v3| is greater 
than Th; and v1 and v3 have the same sign. 

[0058] Condition 1-2: |v2| is greater than Th; |v4| is greater 
than Th; and v2 and v4 have the same sign. 

[0059] If either condition 1-1 or condition 1-2 is satis?ed, 
the similar edge decision circuit 5 decides that similar edges 
are present in piXel blocks 401 and 402, sets a signal V(3) 
to ‘1’ to indicate the decision result, and supplies this signal 
value to the diagonal line recognition circuit 6. If neither 
condition 1-1 nor condition 1-2 is satis?ed, the similar edge 
decision circuit 5 decides that similar edges are not present 
in piXel blocks 401 and 402, sets signal V(3) to ‘0’, and 
supplies this signal value to the diagonal line recognition 
circuit 6. 

[0060] For each integer n from —4 to 4, the similar edge 
decision circuit 5 uses conditions 1-1 and 1-2 to decide 
Whether similar edges are present in the tWo piXel blocks 
constituting the piXel block pair aligned in direction n, sets 
a signal V(n) to ‘0’ or ‘1’ to indicate the result of the 
decision, and supplies the signal value V(n) to the diagonal 
line recognition circuit 6. 

[0061] The same decision procedure can be used for the 
?ve-pixel blocks shoWn in FIG. 6. A slightly modi?ed 
procedure can be used for piXel block pairs aligned in 
half-integer directions, such as the siX-piXel blocks in FIG. 
7. 

[0062] Further modi?cations of the similar edge decision 
procedure are also possible. For eXample, the decision can 
be based on variations in the values of vertically aligned 
triplets of piXels instead of variations in the values of 
vertically aligned pairs of piXels. 

[0063] The operation of the diagonal line recognition 
circuit 6 Will noW be described. The diagonal line recogni 
tion circuit 6 receives the similarity values S(n) from the 
pattern matching circuit 4 and similar edge decision signals 
V(n) from the similar edge decision circuit 5 for all direc 
tions n from —4 to 4. If any similar edge decision signal V(n) 
is set to ‘1’, indicating that similar edges are present, then 
from among all directions n for Which V(n) is set to ‘1’, the 
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diagonal line recognition circuit 6 selects the direction n 
having the similarity value S(n) nearest Zero (denoting the 
greatest similarity), and sends this direction value n to the 
interpolation circuit 7 as a direction signal (dir), indicating 
that there is a diagonal line or edge oriented in direction n. 
If all of the similar edge decision signals V(n) are ‘0’, 
indicating that no similar edges are present, the direction 
signal is set to Zero (dir=0) to indicate that there is no 
diagonal line or edge. 

[0064] Next, the operation of the interpolation circuit 7 
Will be described. The interpolation circuit 7 uses the 
direction signal (dir) received from the diagonal line recog 
nition circuit 6 to select the piXels on scan lines B and C 
from Which to generate the interpolated piXel P0. If the value 
of the direction signal is an integer n, the value P(0) of the 
interpolated piXel P0 is normally calculated from piXel 
values B(n) and C(—n) by the folloWing formula: 

P(O)={B(n)+C(—n)}/2 (19) 
[0065] If the value of the direction signal is three (dir=3), 
for eXample, the value P(0) of piXel P0 is calculated from the 
values B(3) and C(—3) of piXels B3 and C-3. 

P(O)={B(3)+C(—3)}/2 (18) 
[0066] If there are no piXels at the centers of the piXel 
blocks corresponding to direction n (for eXample, if n is not 
an integer), the piXels on scan lines B and C closest to the 
centers of the blocks are used instead. For the eXample 
shoWn in FIG. 7, the value P(0) of interpolated piXel P0 is 
calculated from the mean value of piXels B2 and B3 on scan 
line B and the mean value of piXels C-2 and C-3 on scan line 
C. 

P(0)={(B(2)+B(3))/2+(C(-2)+C(-3))/2}/2 (20) 
[0067] More generally, if the value of the direction signal 
(dir) is n.5, the value P(0) of interpolated piXel P0 is 
calculated as folloWs: 

P(O)={(B(n)+B(n+1))/2+(C(—n)+C(-n—1))/2}/2 (21) 
[0068] The scan line interpolation device of the ?rst 
embodiment can accurately determine the direction of a line 
even if the line has a narroW Width and is oriented at a small 
angle to the scan lines, because the determination is made on 
the basis of both pattern similarity and edge similarity of the 
tWo piXel blocks constituting a piXel block pair. In compari 
son With the conventional conversion system in Which the 
directions of diagonal lines and edges are determined from 
piXel block values, the scan line interpolation device of the 
?rst embodiment can signi?cantly reduce blurred or jagged 
edges and reduce discontinuities in ?ne lines. 

[0069] The scan line interpolation device of the ?rst 
embodiment has been described as hardWare, but needless to 
say, it can be implemented in softWare. 

Second Embodiment 

[0070] The second embodiment is identical to the ?rst 
embodiment, eXcept that in order to improve direction 
identi?cation accuracy, the diagonal line recognition circuit 
6 is modi?ed to select the direction dir1 having the smallest 
similarity value S(n) (the greatest similarity) and the direc 
tion dir2 having the second smallest similarity value S(n) 
(the second greatest similarity), from among the directions 
for Which the similar edge decision signal V(n) is set to ‘1’. 
If the absolute value of the difference betWeen the similarity 
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values of dir1 and dir2 does not exceed a predetermined 
amount, the diagonal line recognition circuit 6 identi?es dir1 
as the diagonal line direction and outputs the direction signal 
accordingly (dir=dir1). OtherWise, the diagonal line recog 
nition circuit 6 decides that there is no diagonal line or edge, 
and sends the interpolation circuit 7 a Zero direction signal 

(dir=0). 

Third Embodiment 

[0071] In the scan line interpolation device of the ?rst or 
second embodiment, the diagonal line recognition circuit 
may occasionally recogniZe a diagonal line or edge to Which 
the interpolated pixel does not belong because the interpo 
lated pixel forms part of a small intervening object. In this 
case the interpolated pixel should be generated from other 
pixels in the intervening object, more speci?cally, from the 
pixels immediately above and beloW the interpolated pixel. 
To deal With this case, the third embodiment adds an 
exception decision circuit to the con?guration of the ?rst or 
second embodiment. 

[0072] FIG. 8 is a block diagram illustrating the scan line 
interpolation device in the third embodiment. The delay 
circuits 1, 2, 3, pattern matching circuit 4, similar edge 
decision circuit 5, and interpolation circuit 7 are the same as 
in the ?rst embodiment and Will not be described beloW. The 
diagonal line recognition circuit 6 is modi?ed to accept input 
from the neWly added exception decision circuit 8. 

[0073] The exception decision circuit 8 receives the video 
signal input from the input terminal 200 and the video 
signals output from the ?rst, second, and third delay circuits 
1, 2, 3, and performs subtraction operations to obtain the 
folloWing quantities: 

[0074] The exception decision circuit 8 then checks 
Whether the folloWing conditions 2-1 to 2-6, 3-1, and 3-2 are 
satis?ed, Where Th2 and Th3 are predetermined thresholds: 

[0075] Condition 2-1: |h11| is greater than Th2; |h12| is 
greater than Th2; and h11 and hl2 have the same sign. 

[0076] Condition 2-2: |h12| is greater than Th2; |h13| is 
greater than Th2; and hl2 and h13 have the same sign. 

[0077] Condition 2-3: |h13| is greater than Th2; |h14| is 
greater than Th2; and h13 and h14 have the same sign. 

[0078] Condition 2-4: |hr1| is greater than Th2; |hr2| is 
greater than Th2; and hr1 and hr2 have the same sign. 

[0079] Condition 2-5: |hr2| is greater than Th2; |hr3| is 
greater than Th2; and hr2 and hr3 have the same sign. 

[0080] Condition 2-6: |hr3| is greater than Th2; |hr4| is 
greater than Th2; and hr3 and hr4 have the same sign. 

[0081] Condition 3-1: |h12| is greater than Th3; |h13| is 
greater than Th3; and hl2 and h13 have opposite signs. 
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[0082] Condition 3-2: |hr2| is greater than Th3; |hr3| is 
greater than Th3; and hr2 and hr3 have opposite signs. 

[0083] Conditions 2-1 to 2-6 indicate the presence of a 
vertical edge at one or both of the pixels vertically adjacent 
to the interpolated pixel P0. Given the presence of such a 
vertical edge, if a diagonal line or edge is also recogniZed, 
the interpolated pixel P0 is likely to belong to a small object 
interrupting the diagonal line or edge. Conditions 3-1 and 
3-2-also indicate that any recogniZed diagonal line or edge 
is likely to be interrupted in the immediate vicinity of the 
interpolated pixel. 

[0084] Accordingly, if at least one of conditions 2-1 to 2-6, 
3-1, and 3-2 is satis?ed, the exception decision circuit 8 sets 
an exception decision signal EX to ‘1’ to instruct the 
diagonal line recognition circuit 6 to disregard diagonal lines 
and edges. If none of conditions 2-1 to 2-6, 3-1, and 3-2 is 
satis?ed, the exception decision circuit 8 sets the exception 
decision signal EX set to ‘0’. The exception decision signal 
EX is sent to the diagonal line recognition circuit 6. 

[0085] If the exception decision signal EX is ‘1’, the 
diagonal line recognition circuit 6 sets the direction signal to 
Zero (dir=0) regardless of the similarity values S(n) supplied 
from the pattern matching circuit 4 and the similar edge 
decision signals V(n) supplied from the similar edge deci 
sion circuit 5. The Zero direction signal informs the inter 
polation circuit 7 that no diagonal line or edge is present. 

[0086] If the exception decision signal EX is ‘0’, the 
diagonal line recognition circuit 6 selects an interpolation 
direction on the basis of the similarity values S(n) supplied 
from the pattern matching circuit 4 and the similar edge 
decision signals V(n) supplied from the similar edge deci 
sion circuit 5 as in the ?rst or second embodiment, sets the 
direction signal (dir) accordingly, and outputs the direction 
signal to the interpolation circuit 7. 

[0087] The operation of the exception decision circuit 
described above may be modi?ed. For example, the excep 
tion decision circuit may examine only the pixels on the tWo 
scan lines adjacent to the interpolated pixel, calculate only 
hl2, hr2, h13, and hr3, and test only conditions 2-2, 2-5, 3-1, 
and 3-2, or modi?ed forms thereof. 

[0088] The exception decision circuit in the scan line 
interpolation device of the third embodiment enables pixels 
in small objects to be interpolated correctly even When the 
small object interrupts a diagonal line or edge. 

Fourth Embodiment 

[0089] In the ?rst, second, and third embodiments, the 
interpolation circuit accepts the interpolation direction 
selected by the diagonal line recognition circuit, and inter 
polates a pixel value from the values of nearby pixels 
aligned With the interpolated pixel in this direction. To 
reduce the chance that an incorrectly selected interpolation 
direction may be used, the fourth embodiment adds a circuit 
that recogniZes and eliminates anomalous interpolation 
directions. 

[0090] FIG. 9 is a block diagram illustrating the scan line 
interpolation device in the fourth embodiment. The delay 
circuits 1, 2, 3, pattern matching circuit 4, similar edge 
decision circuit 5, diagonal line recognition circuit 6, and 
interpolation circuit 7 are the same as in the ?rst embodi 
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ment and Will not be described in detail. An isolated direc 
tion correction circuit 9 is inserted betWeen the diagonal line 
recognition circuit 6 and interpolation circuit 7 to set the 
interpolation direction to Zero unless it is close to the 
interpolation direction of an adjacent interpolated piXel on 
the same interpolated scan line. 

[0091] The diagonal line recognition circuit 6 receives 
similarity values S(n) from the pattern matching circuit 4 
and similar edge decision signals V(n) from the similar edge 
decision circuit 5, and sets the direction signal (dir) to a 
value indicating the diagonal line direction accordingly. The 
isolated direction correction circuit 9 receives the direction 
signal from the diagonal line recognition circuit 6 and 
supplies a corrected direction signal (cdir) to the interpola 
tion circuit 7. 

[0092] The operation of the isolated direction correction 
circuit 9 Will noW be described. The isolated direction 
correction circuit 9 compares the direction signals dir(—1), 
dir(0), and dir(1) received from the diagonal line recognition 
circuit 6 for piXels P-l, P0, and P1 on an interpolated scan 
line by calculating the folloWing absolute differences: 

[0093] Then the isolated direction correction circuit 9 
decides Whether the folloWing conditions 4-1 and 4-2 are 
satis?ed, in Which Th1 is a predetermined threshold: 

[0094] Condition 4-1: dLéThl 

[0095] Condition 4-2: dRéThl 

[0096] If either of these tWo conditions is satis?ed, the 
isolated direction correction circuit 9 sends the interpolation 
circuit 7 the direction signal dir(0) provided by the diagonal 
line recognition circuit 6 for interpolated piXel P0 as the 
corrected diagonal line direction signal (cdir). If neither of 
the tWo conditions is satis?ed, the isolated direction correc 
tion circuit 9 sends the interpolation circuit 7 a corrected 
diagonal line direction signal set to Zero (cdir=0). The 
interpolation circuit 7 generates the value P(0) of interpo 
lated piXel P0 in the same Was as in the ?rst embodiment, 
using the corrected direction signal (cdir) instead of the 
signal (dir) output by the diagonal line recognition circuit 6. 

[0097] Accordingly, if the interpolation direction selected 
for an interpolated piXel differs greatly from the interpola 
tion directions of both adjacent interpolated piXels on the 
same interpolated scan line, the interpolation direction of the 
interpolated piXel is altered to Zero. This prevents the scan 
line interpolation device of the fourth embodiment from 
recogniZing spurious diagonal lines resulting from noise or 
the like. 

Fifth Embodiment 

[0098] The scan line interpolation devices in the ?rst four 
embodiments generate interpolated piXels from other piXels 
in the same ?eld. The scan line interpolation device of the 
?fth embodiment decides Whether each interpolated piXel is 
in a nonmoving part or moving part of the image and 
performs different types of interpolation accordingly. If the 
interpolated piXel is in a moving part, intra-?eld interpola 
tion is used generate the interpolated piXel value as 
described in the ?rst embodiment. If the interpolated piXel is 
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in a nonmoving part, inter-?eld interpolation is performed 
by using the corresponding piXel value from the preceding 
?eld. 

[0099] Referring to FIG. 10, the scan line interpolation 
device according to the ?fth embodiment comprises an input 
terminal 200, a still-image interpolator 201, a moving-image 
interpolator 202, a motion detector 203, a combiner 204, and 
a time-axis converter 205. 

[0100] An interlaced video signal input from the input 
terminal 200 is supplied to the still-image interpolator 201, 
moving-image interpolator 202, motion detector 203, and 
time-axis converter 205. The still-image interpolator 201 has 
a ?eld memory and generates interpolated piXel values by 
performing inter-?eld interpolation, e.g., by interpolating 
the scan lines of each ?eld betWeen the scan lines of the neXt 
?eld. The moving-image interpolator 202 generates inter 
polated piXel values by performing intra-?eld interpolation 
as described in the ?rst embodiment. The motion detector 
203 uses a frame memory to obtain the difference betWeen 
the input video signal and the video signal for the preceding 
frame, both ?elds of Which are stored in the frame memory. 
Motion is detected When the difference is larger than a 
predetermined threshold, and a motion detection signal is 
output accordingly. 

[0101] The interpolated piXel values generated by the 
still-image interpolator 201 and the moving-image interpo 
lator 202 and the motion detection signal output from the 
motion detector 203 are supplied to the combiner 204. The 
combiner 204 combines the tWo interpolated signals into a 
single interpolated signal according to the motion detection 
signal. For parts of the image in Which the motion detection 
signal indicates that motion is present, the combiner 204 
outputs the interpolated piXel values generated by the mov 
ing-image interpolator 202. For other parts, the combiner 
204 outputs the interpolated piXel values generated by the 
still-image interpolator 201. 

[0102] The time-aXis converter 205 aligns the time aXes of 
the input video signal and the output of the combiner 204, 
inserts the combined interpolated scan lines generated by the 
combiner 204 betWeen the scan lines of the input video 
signal, and outputs a progressively scanned video signal. 

[0103] The scan line interpolation device of the ?fth 
embodiment generates interpolated piXels by intra-?eld 
interpolation in moving parts of an image and by inter-?eld 
interpolation in nonmoving parts, so that a high-quality 
image can be displayed over the Whole screen. 

[0104] The moving-image interpolator 202 may be modi 
?ed to operate as in the second, third, or fourth embodiment 
instead of the ?rst embodiment. 

Sixth Embodiment 

[0105] The siXth embodiment of the invention is an image 
processing device having an image adjustment function and 
a scan line interpolation function. Referring to FIG. 11, the 
image processing device 11 includes a scan line interpolator 
14, an image processor 15, an input terminal 18, and an 
output terminal 19. The scan line interpolation device of any 
of ?rst to ?fth embodiments may be used as the scan line 
interpolator 14. The operation of the image processor 15 Will 
be described neXt. 
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[0106] When an interlaced video signal output from a 
video signal source such as a digital versatile disc (DVD) 
player or video cassette recorder (VCR) is supplied from the 
input terminal 18, the image processor 15 performs image 
adjustments (for example, edge enhancement, gamma 
adjustment, and adjustments of screen siZe, contrast, bright 
ness, color, etc.), and sends the scan line interpolator 14 the 
adjusted interlaced video signal. 

[0107] The scan line interpolator 14 interpolates scan lines 
as described in the preceding embodiments, and supplies the 
interpolated scan lines to the image processor 15. The image 
processor 15 inserts the interpolated scan lines into the 
adjusted interlaced video signal and outputs the resulting 
progressively scanned signal from the output terminal 19 to 
an external image display device (not shoWn). 

[0108] The image processing device 11 may also include 
a video reproduction device for reproducing a video signal 
recorded on a DVD, magnetic tape, hard disk, or the like, 
and this image reproduction device may supply the inter 
laced video signal to the input terminal 18. 

[0109] The image processing device of the sixth embodi 
ment can perform image adjustments and scanning conver 
sion Without generating blurred or jagged boundaries and 
Without generating discontinuities in ?ne lines, even for an 
image including diagonal lines or edges, or ?ne lines that 
make a small angle With the scan lines. 

Seventh Embodiment 

[0110] The seventh embodiment is an image display 
device that includes an image processing device With a scan 
line interpolation function and an image adjustment func 
tion. As shoWn in FIG. 12, the image display device 10 
includes an image processing device 11, a receiving antenna 
12, a tuner 13, a driver 16, and a cathode ray tube (CRT) 17. 
The image processing device 11 includes an image processor 
15 and a scan line interpolator 14 as described in the sixth 
embodiment. The image display device 10 operates as 
folloWs. 

[0111] The receiving antenna 12 receives a television 
broadcast signal and supplies it to the tuner 13. The tuner 13 
performs tuning, intermediate-frequency ampli?cation, and 
detection, and supplies an NTSC video signal to the image 
processing device 11. (NTSC is an interlaced video standard 
developed by the National Television Systems Committee.) 
In the image processing device 11, the image processor 15 
performs image adjustments (such as edge enhancement, 
gamma adjustment, and adjustments of screen siZe, contrast, 
brightness, color, etc.), and sends the adjusted interlaced 
video signal to the scan line interpolator 14, as in the sixth 
embodiment. The scan line interpolator 14 interpolates scan 
lines as in the sixth embodiment, and supplies the interpo 
lated scan lines to the image processor 15. The image 
processor 15 then outputs a progressively scanned signal to 
the driver 16, Which drives the CRT 17 to display the image. 

[0112] The CRT 17 may be replaced by any other type of 
display device, such as a liquid crystal display (LCD), 
electroluminescent (EL) display, plasma display panel 
(PDP), or liquid crystal on silicon (LCOS) display. The tuner 
13 is not alWays necessary; the interlaced video signal may 
be supplied to the image processor 15 directly from a video 
signal source such as a DVD player or a VCR. 
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[0113] The image display device of the seventh embodi 
ment can perform image adjustments and scanning conver 
sion and can display pictures Without generating blurred or 
jagged boundaries at diagonal lines or edges and Without 
generating discontinuities in ?ne lines, even if the image 
received from the antenna includes, or ?ne lines forming a 
small angle With the scan line direction. 

[0114] The present invention is not limited to the preced 
ing embodiments. A feW variations have been mentioned 
above, and those skilled in the art Will recogniZe that further 
variations are possible Within the scope de?ned by the 
appended claims. 

What is claimed is: 
1. A scan line interpolation device for generating an 

interpolated pixel on an interpolated scan line from pixels 
disposed on at least four consecutive scan lines, including at 
least tWo scan lines on each side of the interpolated scan line, 
the scan line interpolation device comprising: 

a pattern matching means for calculating pattern similar 
ity values for a plurality of pixel block pairs, each pixel 
block pair including tWo pixel blocks disposed in 
point-symmetrical positions on opposite sides of the 
interpolated pixel, each of the tWo pixel blocks includ 
ing an identical number of said pixels, the pattern 
similarity value of each pixel block pair being calcu 
lated from values of the pixels in its tWo constituent 
pixel blocks; 

a similar edge decision means for deciding Whether 
similar edges are present in corresponding positions in 
the tWo pixel blocks constituting each said pixel block 
pair, on the basis of differences betWeen the pixel 
values of pixels disposed on mutually adjacent scan 
lines in one of the pixel blocks, aligned in a direction 
perpendicular to the scan lines, and differences betWeen 
the values of pixels disposed in corresponding posi 
tions in the other pixel block in the same pixel block 
pa1r; 

an interpolation direction decision means for selecting an 
interpolation direction corresponding to the positions 
of the tWo pixel blocks in a pixel block pair having a 
greatest similarity, as calculated by the pattern match 
ing means, among the pixel block pairs in Which the 
similar edge decision means decides that similar edges 
are present; and 

an interpolation means for generating the interpolated 
pixel by using, as reference pixels, the pixels disposed 
closest to the centers of the tWo pixel blocks in the pixel 
block pair corresponding to the interpolation direction 
selected by the interpolation direction decision means. 

2. The scan line interpolation device of claim 1, Wherein: 

if there are pixels at the centers of the tWo pixel blocks in 
the pixel block pair corresponding to the selected 
interpolation direction, the interpolation means gener 
ates the interpolated pixel by using the tWo pixels 
disposed at the centers as reference pixels; and 

if no pixels are disposed at the centers of said tWo pixel 
blocks, the interpolation means generates the interpo 
lated pixel by using a plurality of pixels in each of said 
tWo pixel blocks as reference pixels. 
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3. The scan line interpolation device of claim 2, wherein 
if no pixels are disposed at the centers of the tWo pixel 
blocks in the pixel block pair corresponding to the selected 
interpolation direction, the interpolation means uses, as 
reference pixels, tWo pixels closest to the center of each of 
the tWo pixel blocks. 

4. The scan line interpolation device of claim 1, Wherein 
for each pixel block pair, the pattern matching means 
calculates absolute values of difference betWeen the values 
of pixels in mutually corresponding positions in the tWo 
pixel blocks constituting the pixel block pair, takes a sum of 
the calculated absolute values, and outputs the sum as the 
pattern similarity value of the pixel block pair. 

5. The scan line interpolation device of claim 1, Wherein 
for each pixel block pair, the pattern matching means 
calculates absolute values of difference betWeen the values 
of pixels in mutually corresponding positions in the tWo 
pixel blocks constituting the pixel block pair, takes a sum of 
the calculated absolute values, Weights the sum according to 
the number of pixels per block, and outputs the sum as the 
pattern similarity value of the pixel block pair. 

6. The scan line interpolation device of claim 1, Wherein 
for each pixel block pair, the pattern matching means 
calculates absolute values of difference betWeen the values 
of pixels in mutually corresponding positions in the tWo 
pixel blocks constituting the pixel block pair, Weights the 
absolute values, takes a sum of the Weighted absolute values, 
and outputs the sum as the pattern similarity value of the 
pixel block pair. 

7. The scan line interpolation device of claim 1, Wherein 
the similar edge decision means decides that similar edges 
are present When the folloWing three conditions are all 
satis?ed: 

the difference betWeen the values of tWo pixels disposed 
on mutually adjacent scan lines in one constituent pixel 
block in a pixel block pair, aligned perpendicularly to 
the scan lines, is greater than a predetermined value; 

the difference betWeen the pixel values of tWo pixels 
disposed in corresponding positions in the other con 
stituent pixel block in the same pixel block pair is 
greater than the predetermined value; and 

the tWo differences have the same sign. 
8. The scan line interpolation device of claim 1, Wherein 

the interpolation direction selected by the interpolation 
direction decision means is the direction of a line joining the 
centers of the tWo pixel blocks in the pixel block pair having 
the greatest similarity, among the pixel block pairs in Which 
the similar edge decision means decides that similar edges 
are present. 

9. The scan line interpolation device of claim 1, Wherein 
the interpolation direction decision means selects an inter 
polation direction perpendicular to the scan lines if the 
direction of a line joining the centers of the tWo pixel blocks 
in the pixel block pair having the greatest similarity differs 
from the direction of a line joining the centers of the tWo 
pixel blocks in the pixel block pair having a second greatest 
similarity, among the pixel block pairs in Which the similar 
edge decision means decides that similar edges are present, 
by more than a predetermined amount. 

10. The scan line interpolation device of claim 1, further 
comprising an exception decision means for testing for the 
presence of an edge perpendicular to the scan lines by taking 
differences betWeen at least the values of the tWo pixels 
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adjacent to the interpolated pixel in a direction perpendicular 
to the scan lines and pixels adjacent to said tWo pixels in the 
direction of the scan lines, Wherein if the exception decision 
means ?nds an edge perpendicular to the scan lines, the 
interpolation direction decision means disregards the pattern 
similarities calculated by the pattern matching means and 
the decisions made by the similar edge decision means, and 
selects the direction perpendicular to the scan lines as the 
interpolation direction. 

11. The scan line interpolation device of claim 1, further 
comprising an isolated direction correction means for chang 
ing the interpolation direction selected by the interpolation 
direction decision means to a direction perpendicular to the 
scan lines if said interpolation direction differs by more than 
a predetermined amount from the interpolation directions 
selected by the interpolation direction decision means for the 
adjacent interpolated pixels on both sides of the interpolated 
pixel on said interpolated scan line. 

12. The scan line interpolation device of claim 1, further 
comprising: 

a still-image interpolator for generating interpolated pix 
els by performing inter-?eld interpolation; 

a motion detector for deciding Whether an interpolated 
pixel is included in a nonmoving image part or a 
moving image part; and 

a combiner for combining the interpolated pixels gener 
ated by the still-image interpolator With the interpolated 
pixels generated by the interpolation means according 
to the decision made by the motion detector. 

13. An image processing device comprising the scan line 
interpolation device of claim 1, further comprising an image 
processor for making image adjustments to an input video 
signal and supplying the adjusted input video signal to the 
scan line interpolation device. 

14. An image display device comprising the image pro 
cessing device of claim 13, further comprising a display 
means for displaying an image according to the video signal 
supplied from the image processor and interpolated pixels 
generated by the scan line interpolation device in the image 
processing device. 

15. A scan line interpolation method for generating an 
interpolated pixel on an interpolated scan line from pixels 
disposed on at least four consecutive scan lines, including at 
least tWo scan lines on each side of the interpolated scan line, 
the method comprising: 

calculating pattern similarity values for a plurality of pixel 
block pairs, each pixel block pair including tWo pixel 
blocks disposed in point-symmetrical positions on 
opposite sides of the interpolated pixel, each of the 
pixel blocks including an identical number of said 
pixels, the pattern similarity value of each pixel block 
pair being calculated from values of the pixels in its tWo 
constituent pixel blocks; 

deciding Whether similar edges are present in correspond 
ing positions in the tWo pixel blocks constituting each 
said pixel block pair, on the basis of differences 
betWeen the pixel values of pixels disposed on mutually 
adjacent scan lines in one of the pixel blocks, aligned 
in a direction perpendicular to the scan lines, and 
differences betWeen the values of pixels disposed in 




